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The Standard Model of Particle Physics
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• LFV is heavily 
suppressed in SM
• Probe new physics 

with almost no background

• Neutral current transitions 
between Generations
• 1st to 2nd

• 2nd to 1st

• 3rd to 1st

Lepton Flavor Violation (LFV)



• Well measured in experiment
• Neutrino Oscillations (PNMS matrix)

• We measure them in the mass basis: ν1, ν2, ν3

• But they interact in the weak (flavor) basis: νe, νµ, ντ
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LFV in neutrinos

(Credit: Hyper K)
(Credit: Hyper K)



• Several different ways that have been studied
• µ -> 3e ( < 10-12 [SINDRUM]) ( ~ 10-16 [Mu3e])
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• Several different ways that have been studied
• µ -> 3e ( < 10-12 [SINDRUM]) ( ~ 10-16 [Mu3e])

• µ -> e γ ( < 4.2*10-13 [MEG]) ( ~ 10-14 [MEG II])

• N + µ -> N + e ( < 7*10-13 [SINDRUM II]) ( ~ 10-16 [COMET, Mu2e])

( ~ 10-18 [PRISM, PRIME])

• µ -> e 2γ ( < 7.2*10-11 [Crystal Box])

• Davidson et. al. proposal: Flavor changing Rayleigh operators (RO)
• N + µ -> N + e

• Flavor violating interaction: µ -> e 2γ
• Experimental branching ratio cutoff isn't too small: ~10-11
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LFV in µ to e transition

Davidson, Kuno, Uesaka, 
and Yamanaka (DKUY)

ArXiv: 2007.09612 [hep-ph]



• Mass scale of operators: v ~ 200 GeV
• This is not experimentally excluded

• Lepton flavor transition in a classical electric field generated by an 
atomic nucleus
• π0 current is negligibly small as it's coupled to E•B

• Matched two-photon operators to heavy fermion scalar operators
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Proposal by Davidson et. al. (DKUY)



• Collision has a clean environment

• Current running experimentally (Belle II)

• For the process: e e -> µ e γ

• Use the same "short-range" (SR) vertex/operator: µ -> e 2γ
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Rayleigh operators in e+ e- collisions
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LFV Raleigh operators & SM e+e- collisions
• Double differential cross section for the SR process

• d2σSR/dEµdEγ = (α3Qc
4/mcΛ

4) 4Eγ
3|pµ|(s-mµ

2-2 Eγs
½)/(48 π5 s) (CS

2 + ...)
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LFV Raleigh operators & SM e+e- collisions
• Double differential cross section for the SR process

• d2σSR/dEµdEγ = (α3Qc
4/mcΛ

4) 4Eγ
3|pµ|(s-mµ

2-2 Eγs
½)/(48 π5 s) (CS

2 + ...)

• Comparing to total cross section (e e -> µ µ)
• σee->µµ = 4πα2(s – 4 mµ

2)½ (2 mµ
2 + s)/(3 s5/2)

Davidson's group 
mass scale

Our NP mass 
scale



• Possible long-range contributions to the same process
• Propagating π0 meson

• Pion to 2 photons (one virtual)
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Rayleigh operators in e+ e- collisions
Xiao and Ma

ArXiv: 0312162 [hep-ph]
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• Possible long-range contributions to the same process
• Propagating π0 meson

• Pion to 2 photons (one virtual)

• Propagating ρ0 meson
• Vector Meson Dominance 

• Meson transition to lepton pair 
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Rayleigh operators in e+ e- collisions
Xiao and Ma

ArXiv: 0312162 [hep-ph]

Golowich and Pakvasa
Phys Rev D 51 (3) (1995)

Hazard and Petrov
ArXiv: 1607.00815 [hep-ph]
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Long distance effect: π0

• SR ∝ (α3/Λ4) ΣCSR
2

• π0 ∝ (α3/Λ4) (CAL
2 + CAR

2)

• (dσSR/dEµ) / (dσπ /dEµ)
• Assuming Ratio of Wilson Coeff:

ΣCSR
2/(CAL

2 + CAR
2) is ~O(1)
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Long distance effect: ρ0

• SR ∝ (α3/Λ4) ΣCSR
2

• ρ0 ∝ (α3/Λ4) (CVL
2 + CVR

2)

• (dσSR/dEγ) / (dσρ /dEγ)
• Assuming Ratio of Wilson Coeff:

ΣCSR
2/(CVL

2 + CVR
2) is ~O(1)
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Conclusions
• These Rayleigh Operators could be useful to study and probe for LFV 

violation in electron-positron collisions
• Needs experimental sensitivity updates as well

• Looking at the short-range vs long-range interactions
• Long-range effects from the pion is very small compared to short-range interaction

• > 107

• Long-range effects from the rho meson is on the order of the short-range interaction
• In some energy range, it even dominates


